Recently, a large randomized trial found a survival advantage among patients who received elective neck dissection in conjunction with primary surgery for clinically node-negative oral cavity cancer compared with those receiving primary surgery alone. However, elective neck dissection comes with greater upfront cost and patient morbidity. We present a cost-effectiveness analysis of elective neck dissection for the initial surgical management of early-stage oral cavity cancer.
INTRODUCTION
Oral cavity carcinoma composes approximately 3% of all cancers worldwide with an estimated incidence of more than 300,000 new cases per year. 1 Surgical excision of the primary tumor represents the mainstay of treatment for patients with earlystage (T1/T2) node-negative (N0) oral cavity cancer. Patients with clinically node-negative disease have a high risk of occult nodal involvement, which can exceed 30% in select patients. [2] [3] [4] Despite this high risk of occult disease, the question of whether to recommend elective neck dissection (END) for patients with clinically node-negative disease represents an area of historic controversy. The oncologic benefit of END in conjunction with primary surgery was recently demonstrated in a large randomized phase III study by D'Cruz et al 5 from the Tata Memorial Centre, which compared this strategy to watchful waiting (WW). The study found that the use of END improved disease-free survival and overall survival compared with WW among patients with early-stage clinically nodenegative oral cavity cancer.
The D'Cruz study found improved survival with END, although this additional procedure has the capacity to increase treatment costs and carries the risk of increased morbidity and decreased Authors' disclosures of potential conflicts of interest are found in the article online at www.jco.org. Author contributions are found at the end of this article.
quality of life. This conundrum raises the natural question of whether END is a cost-effective strategy that should be included in standard treatment protocols. This question is particularly relevant, given the high incidence and mortality of oral cavity cancer in low-and middleincome countries in which health care decisions must often be made under heavily constrained resources. 1 The purpose of this study was to perform a cost-effectiveness analysis of END at the time of primary tumor resection versus WW for patients with early-stage clinically node-negative oral cavity carcinoma. This analytic method incorporates a broad comparison of the differences in survival, cost, and quality of life between the two treatment strategies.
METHODS

Decision Model
We compared the cost effectiveness of two surgical strategies for managing the neck in patients with early-stage (T1/T2) clinically nodenegative (N0) oral cavity squamous cell carcinoma: (1) primary resection with END and (2) primary resection followed by WW. We constructed a Markov model to simulate treatments, toxicities, morbidity, and survival in this patient population. The state-transition diagram in Figure 1 demonstrates how patients flow through the cost-effectiveness model. The four main health states included no evidence of disease, successfully treated with salvage therapy, multiply recurrent/metastatic disease, and death. The Markov model was based on a third-party payer's perspective and was run by using a 1-year cycle length over a 30-year time horizon. The model was built using TreeAge Pro 2015 (TreeAge Software, Williamstown, MA).
Model Probabilities
We assumed that all patients entered the model with early-stage clinically node-negative oral cavity cancer and received either surgical resection of the primary oral cavity tumor and END or primary resection alone (WW). Outcomes from D'Cruz et al 5 were used to model adjuvant treatments after initial surgery, patterns of disease spread, and salvage treatments after recurrence. After initial surgery, a subset of patients received adjuvant radiation therapy or adjuvant cisplatin-based chemoradiotherapy. Indications for radiotherapy are outlined in the D'Cruz trial; briefly, these included positive nodes, primary tumor depth of . 10 mm, and positive margin status. The indications for use of chemotherapy delivered concurrently with radiation were not reported by D'Cruz. It was therefore assumed that cisplatin-based chemotherapy with radiation would be administered to patients with adverse features such as extracapsular nodal spread, perineural invasion, or lymphovascular invasion. Although the absolute indications for chemoradiation in the United States differ slightly (extracapsular spread and positive margin), 6, 7 this limitation was considered a fair trade-off for retaining consistency with the outcomes reported in D'Cruz et al. 5 Patients who developed local or regional recurrence underwent salvage surgery when possible and adjuvant treatment after salvage as described in the D'Cruz study. Patients who developed multiply recurrent disease or metastatic disease were considered incurable, received palliative chemotherapy, and remained in the multiply recurrent/ metastatic health state until death.
We internally validated our model through direct comparison with the D'Cruz study. Figure 2 demonstrates the results of our validation, which shows good agreement between our predicted survival and disease recurrence patterns compared with those in the D'Cruz study.
Costs
This analysis was performed from a third-party payer's perspective. We included costs of all aspects of treatment and follow-up, including the cost of primary tumor resection, neck dissection, chemotherapy, and radiation, as well as the cost of remission and the cost of end-of-life care. Primary tumor resection, the added cost of neck dissection at the time of primary oral resection, the total cost of stand-alone salvage neck dissection, and the cost of radiation were estimated from primary literature ( Table 1 ). The costs of chemotherapy concurrent with radiation and in the metastatic setting were determined from wholesale drug pricing coupled to chemotherapy administration costs available via the Health Care Utilization Project. 15 The cost of end-of-life care was estimated from the literature; all those who entered the terminal health state "death" were charged this cost. All costs were adjusted to 2015 US dollars by using the Consumer Price Index and were rounded to the nearest $100. All costs and health utilities were discounted at 3% per year.
Outcome Measures
Effectiveness was measured in quality-adjusted life-years (QALYs), which reflects the product of a patient's health utility over time. Health utility, in effect, measures quality of life and ranges from 1 (perfect health) to 0 (death). We obtained health utility scores from the literature, preferentially using prospectively acquired utility measurements whenever possible. In general, all patients had a similar starting baseline health utility score after primary tumor resection, and each patient received health utility deductions (tolls) for additional adjuvant treatment or progressive disease. Because acute toxicity in the D'Cruz trial was minimal, with little difference between treatment arms, we did not consider acute toxicity in our model. Given the long-term adverse quality-of-life impact of radiation and chemoradiation, we assumed that these health utility tolls would extend over the course of a patient's life. Specific values of the health utilities, utility tolls, and primary literature sources used in this study are included in Table 1 .
Analysis
Cost effectiveness of one treatment compared with another was measured with an incremental cost-effectiveness ratio (ICER) which represents the incremental cost per QALY gained. We considered a treatment cost effective if the ICER fell under a willingness-to-pay threshold of $100,000/QALY. It is important to note that willingness-to-pay thresholds vary by person, region, health care system, and country. We chose $100,000/QALY because this reflects a commonly used threshold in www.jco.org cost-effectiveness research. 21 Treatments that were more effective and less costly were considered dominant, and with dominated strategies, the ICERs would be negative and are not reported.
Our main (base case) cost-effectiveness analysis used our best estimates of cost, health utilities, and transition probabilities to calculate effectiveness (QALY) and overall cost for each treatment strategy (END and WW). In addition, we performed one-way deterministic sensitivity analyses on each variable to identify factors that directly influenced costeffectiveness. Finally, we performed a probabilistic sensitivity analysis to assess the impact of uncertainty in all transition probabilities, costs, and health utilities. The probabilistic sensitivity analysis used a Monte Carlo simulation with 100,000 iterations. 22 Cost estimates were modeled with gamma distributions, which represent probability distributions that, like cost, are bound by the interval from 0 to infinity. All transition probabilities and health utilities were modeled with beta distributions, which are bound by the interval from 0 to 1. When available, the standard deviations of the individual variables were obtained from the literature. When they were not available, we used a standard deviation of 20% of the mean. We conducted separate probabilistic sensitivity analyses in which we varied the standard deviation from 10% to 40%, which did not have an impact on our results. For simplicity, we present only the results of our analysis that had a standard deviation of 20% of the mean. Base-case values for every variable along with 95% CIs for the distribution are found in Table 1 .
RESULTS
Base Case Analysis
The primary cost-effectiveness analysis found that the lifetime cost of treatment using the END strategy was $63,400 compared with $69,400 for WW. Despite the increased upfront cost of END, this strategy proves less costly in the long run because of reduced costs related to using salvage therapy. When considering effectiveness, the END strategy yielded 9.20 QALYs compared with 8.78 QALYs for WW. Although upfront neck dissection leads to a slightly reduced quality of life in the END group, the improved survival and decreased recurrence rates increase the total measure of effectiveness above that of WW. Overall, END was $6,000 less costly and added 0.42 QALYs per patient compared with WW, making END a dominant strategy.
One-Way Sensitivity Analysis
Our cost-effectiveness model was most sensitive to assumptions about the survival benefit of END and the health utility deduction resulting from neck dissection (Fig 3) . The D'Cruz study found that END reduced the risk of death by 36% (hazard ratio [HR], 0.64) compared with WW. 5 Our sensitivity analysis demonstrated that if END reduced the risk of death by only 22% (HR, 0.78), then END no longer conferred an improvement in QALYs over WW (incremental effectiveness of 0.0 QALYs) and therefore END would no longer dominate WW. Furthermore, if END reduced the risk of death by 20% (HR, 0.80), then END would no longer be cost effective compared with WW at a willingness-to-pay threshold of $100,000/QALY. Our base-case analysis assumed a health utility deduction from a neck dissection of 0.072. However, if a neck dissection decreased quality of life by 0.118, then END no longer dominates WW, and if the utility deduction was 0.123 (nearly twice as bad), then END would no longer be cost effective compared with WW.
Our cost-effectiveness model also demonstrated sensitivity to assumptions about disease recurrence. If the risk of disease recurrence in the END group increased from 33% to 38.6%, then END no longer dominated WW, and if the recurrence rate increased to 39.1%, then END would no longer be cost effective. Conversely, if the risk of disease recurrence of the WW cohort decreased from 57% to 51.8%, then END no longer dominated WW, and if the recurrence rate decreased to 51.3%, then END would not be a cost-effective strategy compared with WW. Other probability, cost, or utility variables did not have a substantial impact on the cost effectiveness of END.
Probabilistic Sensitivity Analysis
We conducted a probabilistic sensitivity analysis for END versus WW over 100,000 iterations varying all probabilities, costs, and utilities simultaneously. The results are demonstrated in Figure 4 , which shows a scatterplot of the incremental costs versus incremental effectiveness from individual iterations in the probabilistic sensitivity analysis. In the probabilistic sensitivity analysis, END dominated WW in 72% of the iterations, and overall END was cost effective in more than 76% of the iterations at a willingness-topay threshold of $100,000/QALY. A cost-effectiveness acceptability curve demonstrating results of the probabilistic sensitivity analysis for different willingness-to-pay thresholds is included as Appendix Figure A1 (online only). Abbreviations: END, elective neck dissection; HR, hazard ratio; WW, watchful waiting. *Patients in the END cohort who had a nodal recurrence were administered chemoradiation salvage therapy. †2-year probability. ‡Median survival in months §Positive values represent health utility, and negative values represent utility deductions.
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DISCUSSION
The debate over END for patients with early-stage clinically nodenegative oral cavity cancer was recently clarified by the survival benefit found in the D'Cruz randomized clinical trial conducted in India. 5 This will likely influence practitioners in the United States and abroad to abandon the WW approach in favor of a more extensive elective surgery. As physicians, we often prioritize patient survival over everything else, but in today's health care environment, one must consider cost and quality of life in the delivery of comprehensive health care. Cost-effectiveness research helps to define the value of interventions within health care by weighing the cost against potential benefits in survival and/or quality of life. With this study in early-stage oral cavity cancer, we sought to determine whether the survival benefit of END outweighed the added cost and morbidity of the procedure.
The key finding of this study is the observation that END costs less and improves effectiveness compared with WW. Decreased costs with an added procedure can be counterintuitive, although upfront END reduces the risk of recurrence and thus reduces the costs associated with treating recurrent disease. Given the high worldwide incidence of head and neck cancer, this cost-saving and quality-enhancing approach could prove particularly useful in countries with resource constraints.
The driving force behind the model's prediction comes from a few key variables, notably the decreased quality of life associated with any neck dissection and the survival benefit derived from the END approach. Our one-way sensitivity analysis demonstrates that the reduced health utility from a neck dissection would need to double before END was no longer cost effective compared with WW. The model's sensitivity to the survival benefit of neck dissection deserves further consideration. Although the addition of a neck dissection improved survival in the D'Cruz study, other factors influencing the risk of occult disease in the neck might influence the value of a neck dissection. For example, deeper tumor thickness in the oral tongue correlates with increased risk of occult metastatic nodal disease. 23 that patients with minimal depth of invasion might stand to benefit less from END, which would tend to push cost effectiveness away from the END strategy. In addition, the use of sensitive imaging such as positron emission tomography and/or computed tomography in staging or in follow-up might help further select patients at higher or lower risk of recurrence, which could influence the cost effectiveness of END.
Limitations in this cost-effectiveness study arise primarily from the quality of inputs used to inform our cost-effectiveness model. Ideally, all model inputs would come from high-level evidence such as prospective randomized trials, as well as prospective costing and health utility assessments. Although the D'Cruz randomized trial provided a large fraction of our transition probabilities, other model inputs such as costs and health utilities came from more heterogeneous sources. Health utilities in our study arose from different ascertainment techniques such as standard gamble, 17 the European Quality of Life Five Dimensions (EuroQol-5D) questionnaire, 20 or expert opinion. 19 Similarly, costs of various components of treatment and follow-up came from an array of sources. Varying health utilities and costs could influence our estimation of cost effectiveness; however, our model was relatively insensitive to variation in these parameters, which suggests that our results and conclusions would change only if our estimated utilities and costs were dramatically inaccurate. A final limitation relates to our choice of perspective for this costeffectiveness analysis. Considering a more expansive societal perspective would involve including indirect medical costs such as lost wages from being unable to go to work, reduced productivity, and other indirect costs patients might encounter. Including these costs in our cost-effectiveness model could influence our results, although given that patients in the WW group experienced more disease recurrence and had shorter median survival times, we suspect that considering the societal perspective would only skew cost-effectiveness further toward END.
In conclusion, our study demonstrates that the addition of END for patients with early-stage clinically node-negative oral cavity cancer reduces lifetime costs and improves health outcomes making this a cost-effective treatment strategy.
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